The irreversible thermoremanent magnetization (m irr TRM ) of a sole, magnetically diluted epitaxial antiferromagnetic Co 1−y O (100) 
The phenomenon of exchange bias (EB) originates from the interfacial exchange coupling between an antiferromagnet (AFM) and a ferromagnet (FM). [1] [2] [3] This interaction results for the magnetic hysteresis loop of the FM layer in a field offset from the origin by the EB field, B EB . EB has been in the focus of intense research activities because of its potential applications in spintronics devices where it stabilizes a reference FM magnetization in magnetic read heads, sensors and nonvolatile memory devices [4, 5] . It has been shown experimentally that field cooling of an AFM stabilizes pinned uncompensated moments near the AFM/FM interface, which are responsible for the EB effect. [6] [7] [8] [9] [10] [11] A domain state develops upon field cooling of the AFM, which carries an irreversible surplus thermoremanent magnetization, m irr TRM . The crucial role of m irr TRM at the AFM/FM interface for the EB effect has been demonstrated both experimentally [8] [9] [10] [11] and by Monte Carlo simulations. [12] At the surface and in the bulk of the AFM there may be structural and substitutional defects [13] , giving rise to domain wall pinning and thus leading to metastable domain structures whose evolution with field cycling is responsible for the training effect (TE). The latter is a crucial feature associated with the fundamentals and applications of EB due to the reduction in B EB during successive field cycles in hysteresis loops. [1, 3] The TE plays an essential role in the reliable performance of devices based on EB. The microscopic origin of the TE remains under intensive debate (see, e.g., Refs. [1-3, 12, 14-18] ) and raises the question about the involvement of, e.g., m irr TRM at the AFM/FM interface. However, the smallness of m irr TRM [19, 20] remains a serious difficulty in answering this question. [21] A simple approach might be to consider a sole AFM layer with a dilution enhanced m TRM , i.e. m irr TRM , such that its role for the TE could unambiguously be investigated by magnetometry.
Here, we utilize nonmagnetic dilution throughout the bulk of an epitaxially grown Co 1−y O(100) layer (y → 0) to significantly enhance its m TRM . This in turn also yields an enhanced B EB for the corresponding Co 1−y O(100)/Co(1120) bilayer. The m irr TRM of a sole AFM layer is then determined by the difference of its enhanced m TRM at positive and negative remanence. The measured m irr TRM exhibits systematic reductions during successive field cycling. Detailed analysis of the data using Binek's model [14] shows that the TE of samples. A distinct enhancement of B EB upon dilution is evident below 291 K. However, no change in the blocking temperature, T B (at which B EB = 0), due to dilution was noticed.
This is consistent with an up to 5 % dilution of Co 2+ by Mg
The constant T B we attribute to the high anisotropy of CoO (∼ 2 × 10 7 J/m 3 , see, e.g., Ref. [22] ) which is an Ising-type AFM, making it more robust against magnetic degradation upon dilution. This is in contrast to, e.g., metallic EB systems with low [23] or intermediate anisotropy [9] AFMs which show a more strongly reduced T B upon dilution. B EB is monotonic and it lacks the abrupt increase below 50 K. The difference of B EB (T ) and m TRM (T) for T < 50 K (Figs. 1 and 2 , respectively) is attributed to the low anisotropy of the uncompensated AFM spins [6] , which is insufficient to pin the FM layer. This is evidenced by the missing strong increase of the EB field below 50 K (Fig. 1) . The "isolated" uncompensated AFM spins freeze in a B field at low temperatures (T < 50 K), since they are weakly exchange coupled to neighboring spins within the core of the AFM CoO due to missing or frustrated exchange bonds. The magnetic field stabilizes the uncompensated spins, whereas zero-field cooling does not exhibit any m TRM (see Fig. 1 ).
We now focus on the cycle number dependence of m irr TRM . A sole diluted Co 1−y O(100) sample was cooled from 340 K to 5 K in an external field of +7 T. Subsequently, at 5 K the hysteresis loops were measured by cycling B between -7 T and +7 T. The overall procedure is similar to the measurement of a usual hysteresis loop of an FM. However, during each field cycle, we stop the measurement at B = 0 for some time in both the decreasing and increasing field branches. The remanent value of m TRM was then measured (Fig. 3) as a function of time (t) for both ascending (lower curves) and descending (upper curves) field branches. It is evident from Fig. 3 that the m TRM is not constant but that it decreases both as a function of time and cycle number n especially for the descending field branches. vertical shift can be attributed to an additional effective field on the FM, thus yielding EB.
We have calculated this mean for t = 0, i.e. for the time when the field was set to zero during the AFM hysteresis loop measurement. This quantity measures the irreversible domain state magnetization m irr TRM in the whole AFM layer [9, 23] and is plotted as a function of cycle number n in Fig. 4 (open circles) . Clearly, the m irr TRM is not constant during successive field cycles; instead it decreases monotonically during each cycle.
In order to identify the origin of the EB effect we have also plotted the TE of B where k is a material dependent constant and B EB (∞) is the EB field in the limit of an infinite number of loops. The solid lines in Fig. 4 show the best fits to B EB and m irr TRM data using Eq. 1 for n > 1. The resulting parameters obtained from the fit for B EB (n) are B EB (∞) = 10.2 mT and k = 0.8 mT. Similarly for m irr TRM (n) the fitting parameters m irr TRM (∞) and k ′ were found to be 13.5 × 10 −7 emu and 0.6 × 10 −7 emu, respectively. The fits clearly show a good agreement with the data for n > 1. It should be noted that the experimental data points at n = 1 significantly exceed the values obtained by simple extrapolation of the fits to n = 1 (not shown). The strong TE of B EB between the first and second hysteresis loop has been attributed to some initial nonequilibrium arrangement or metastable state of the AFM spins. [18, [25] [26] [27] [28] [29] The exact mechanism for the initial AFM spin arrangement is still subject to debate. Hoffmann [28] has pointed out that due to biaxial anisotropy axes in the Although the above dependence of the TE (Eq. 1) has been widely observed, it lacks a physical basis. Alternatively, Binek [14] has considered the TE of AFM/FM bilayers in the thermodynamic framework of spin configurational relaxation at the AFM surface. This spin relaxation is activated by the consecutive cycling of the external field. The following recursive formula is obtained for describing the TE of B EB and m irr TRM ,
with F describing B EB (using γ) or m irr TRM (using γ ′ ). Taking the respective initial values (for n = 1) of B EB and m irr TRM as obtained from the experiment (Fig. 4) , the calculated data (solid squares in Fig. 4) 
